Objective : Since less invasive endovascular treatment was introduced to South Korea in 1994, a considerable proportion of endovascular treatments have been performed by neuroradiology doctors, and endovascular treatments by vascular neurosurgeons have recently increased. However, few specific statistics are known regarding how many endovascular treatments are performed by neurosurgeons. Thus, authors compared endovascular treatments collaboratively performed by vascular neurosurgeons with all cases throughout South Korea from 2013 to 2017 to elucidate the role of neurosurgeons in the field of endovascular treatment in South Korea. Methods : The Society of Korean Endovascular Neurosurgeons (SKEN) has issued annual reports every year since 2014. These reports cover statistics on endovascular treatments collaboratively or individually performed by SKEN members from 2013 to 2017. The data was requested and collected from vascular neurosurgeons in various hospitals. The study involved 77 hospitals in its first year, and 100 in its last. National statistics on endovascular treatment from all over South Korea were obtained from the Healthcare Bigdata Hub website of the Health Insurance Review & Assessment Service based on the Electronic Data Interchange (EDI) codes (in the case of intra-arterial (IA) thrombolysis, however, statistics were based on a combination of the EDI and I63 codes, a cerebral infarction disease code) from 2013 to 2017. These two data sets were directly compared and the ratios were obtained. Results : Regionally, during the entire study period, endovascular treatments by SKEN members were most common in Gyeonggido, followed by Seoul and Busan. Among the endovascular treatments, conventional cerebral angiography was the most common, followed by cerebral aneurysmal coiling, endovascular treatments for ischemic stroke, and finally endovascular treatments for vascular malformation and tumor embolization. The number of endovascular treatments performed by SKEN members increased every year. Conclusion : The SKEN members have been responsible for the major role of endovascular treatments in South Korea for the recent 5 years. This was achieved through the perseverance of senior members who started out in the midst of hardship, the establishment of standards for the training/certification of endovascular neurosurgery, and the enthusiasm of current SKEN members who followed. To provide better treatment to patients, we will have to make further progress in SKEN. 
INTRODUCTION
We live in an era of many medical upheavals. For instance, the development of technology and medical knowledge due to material engineering and basic sciences have led to rapid advances in medical equipment. In addition, rapid changes in national medical policies, such as introduction of telemedicine, abolition of uncovered health services or the reduced workload for residents as 80-hour per week, have changed the medical environment 16) . Vascular neurosurgeons must adapt to these changes to stay current. Recently, vascular neurosurgery has become more popular, even though it is perceived as 3D-jobs in the neurosurgical field, because vascular neurosurgeons have begun to perform less invasive endovascular treatment as well as the traditional open surgical treatments. In fact, younger vascular neurosurgeons view endovascular treatment as a necessity, not an option, and so-called "hybrid" vascular neurosurgeons who can perform both craniotomies and endovascular surgery are taken for granted. Relatedly, the residents' training regulations of the Korean Neurosurgical Society have been changed to allow more endovascular treatment in training programs.
Although, a considerable proportion of endovascular treatment in South Korea since 1994 has been carried out by neuroradiology doctors, endovascular treatment performed by vascular neurosurgeons had been increased gradually, and they have increased much more since the establishment of standards for the training and certification of endovascular neurosurgery in South Korea has been firstly published 17) . However, few specific statistics are known regarding how many endovascular treatments are performed by neurosurgeons, so the role of neurosurgeons in this field is unclear. For this reason, the annual reports of the Society of Korean Endovascular Neurosurgeons (SKEN) from 2013 to 2017 have included a statistical report on endovascular treatment performed by or with the participation of vascular neurosurgeons. In the present study, authors compared endovascular treatment cases by vascular neurosurgeons of the SKEN annual reports with data obtained from the nationwide Health Insurance Review and Assessment Service (HIRA) of South Korea from 2013 to 2017. In this way, authors ascertained the pattern of endovascular treatment in South Korea and examined the role of vascular neurosurgeons in the field of endovascular treatment in South Korea.
MATERIALS AND METHODS

Data collection and period in annual report of SKEN from 2013 to 2017
The SKEN has been issuing annual reports since 2014; these include statistics on all endovascular treatments performed alone or collaboratively with another clinician, such as a neuroradiologist, by SKEN members between 2013 and 2017. These data were collected using a data sheet that recorded the number of endovascular treatments performed in each year. Firstly, the editorial director of the annual report notified each hospital via e-mail. The hospitals then sent data via e-mail using the data sheet (Fig. 1) . The data were also requested and collected from vascular neurosurgeons of various hospitals, including certified institutions of the SKEN via one-on-one telephone calls and text messages by the editorial director. This data collection was carried out over about 3 months each year from 2014 to 2018. The number of hospitals involved ranged from 77 to 100, and the number of endovascular treat- ments was assumed to be the number of patients, except in the case of aneurysms, whereby the number of aneurysm itself was recorded. In this regard, the report differed from the HIRA, in which the number of patients with aneurysm was counted. This was taken into account during data analysis. The present study analyzed these clinical data from annual SKEN report between 2013 and 2017.
Data collection and period from the Healthcare Bigdata Hub of HIRA
National statistics on endovascular treatment in South Korea were obtained from the Healthcare Bigdata Hub website of the HIRA. The target period for data collection was also 2013-2017. These data were collected in accordance with the Electronic Data Interchange (EDI) code, which was matched to the endovascular treatments on the data sheet distributed to SKEN members (Table 1) . However, in the case of intra-arterial (IA) thrombolysis, data collection was based on a combination of the EDI and I63 codes, a cerebral infarction disease code, because the HIRA provided additional data on combining the EDI and I63 codes. We believe that the combined data are more accurate than data from the EDI code only.
Data analysis
This study was approved by the Institutional Review Board (IRB) of CHA Bundang Medical Center, CHA Univeristy School of Medicine on July 4th, 2019 as a deliberative exemption (IRB No. CHAMC 2019-06-035). Authors directly compared the data collected from SKEN with the nationwide data from the Healthcare Bigdata Hub of the HIRA. However, the category of extracranial percutaneous transluminal angioplasty or stent including carotid artery stenting ("EC-PTA or stent [CAS]") and EC-PTA or stent excluding carotid artery stenting ("EC-PTA or stent [the rest of CAS]") in the data collected from SKEN were combined into "EC-PTA or stent (including CAS)" and compared to the "EC-PTA or stent (including CAS)" in HIRA's data. Authors also obtained the ratio between the data collected from SKEN and the nationwide data. Using these data, authors analyzed the flow and trends of endovascular treatments performed in South Korea from 2013 to 2017.
RESULTS
Endovascular treatments performed collaboratively by vascular neurosurgeons from 2013 to 2017
In the years 2013 to 2017, 77, 82, 85, 93, and 100 hospitals participated in the survey, respectively. The data for each hospital were analyzed by region and category, and the overall data were analyzed according to each category (Table 2). Regionally, in all the years analyzed, endovascular treatments were most common in Gyeonggi-do, followed by Seoul and Busan (Fig. 2) . With regards to specific endovascular treatments, conventional cerebral angiography was the most common (that is digital subtraction angiography; "DSA"), followed by cerebral aneurysmal coiling and treatments for ischemic stroke, vascular malformation, and tumor embolization (Fig. 3) . The number of hospitals participating in data collection gradually increased during the study period, as did the number of endovascular treatments performed collaboratively by SKEN members. However, the increase in the number of endovascular treatments was greater than the increase in the number of participating hospitals. Specifically, the rate of increase in each category was higher than the rate of increase in the number of participating hospitals (from 77 to 100; 29.9%), with the exception of "EC-PTA or stent (the rest of CAS)", which increased from 194 to 226 patients (16.5%), and treatment for arteriovenous malformation ("AVM"), which increased from 177 to 221 patients (24.9%) ( Table 2 ). The rates of increase exceeded 50% in "DSA", simple coilings ("coiling"), stent-or balloon-assisted coilings ("stent or balloon"), "IA thrombolysis for cerebral infarction", "EC-PTA or stent (CAS)", "intracranial (IC)-PTA or stent" and dural arteriovenous fistula or carotid-cavernous fistula ("dural AVF or CCF"), especially in the case of "IA thrombolysis for cerebral infarction", which showed an increase of more than 200% ( Table 2 ). The increase in the number of unruptured intracranial aneurysms ("UIA", from 3303 to 5563; 68.4%) was higher than the increase in the number of ruptured aneurysms ("Ruptured", from 1999 to 2838; 42%).
Nationwide data from the Healthcare Bigdata Hub of the HIRA from 2013 to 2017
Nationwide data from the HIRA between 2013 and 2017 were analyzed by region and category, and the overall data were analyzed according to each category (Tables 3-8) . Regionally, endovascular treatment was the most common in Seoul, followed by Gyeonggi-do and Busan in all years ana- lyzed. Concerning specific endovascular treatments, "DSA" was the most common, followed by cerebral aneurysmal coiling and treatments for ischemic stroke, vascular malformation, and tumor embolization.
Additionally, national data showed an overall increase in the number of endovascular treatments during the study period, and the rates of increase exceeded 50% in "DSA", aneurysm ("coiling + parent artery occlusion ["PAO"]" and "stent or balloon"), and "IA thrombolysis for cerebral infarction"; "IA thrombolysis for cerebral infarction" showed an increase of more than 200% ( Table 3 ). The rates of increase were about 40% in "dural AVF or CCF" and "tumor embolization", about 30% in "EC-PTA or stent (including CAS)" and intracranial percutaneous transluminal angioplasty or stent ("IC-PTA or stent"), and about 15% in "AVM".
Comparison between data collected from SKEN members and nationwide data from the Healthcare Bigdata Hub of the HIRA from 2013 to 2017
During the 5 years from 2013 to 2017, SKEN members participated in 50-55% of "DSA", 70-80% of "IA thrombolysis for cerebral infarction", 50-70% of "EC-PTA or stent (including CAS)", 65-85% of "IC-PTA or stent", 60-75% of "AVM", 75-95% of "dural AVF or CCF", 40-60% of "tumor embolization" (Tables 3-8; Fig. 4) . Although the overall number of endovascular treatments performed by SKEN members increased during the study period, there were no significant changes in the categories "DSA", "IA thrombolysis for cerebral infarction", "AVM", "dural AVF or CCF", and "tumor embolization" with regard to the ratio of data from SKEN members to those from HIRA. An increase in the ratio was observed for "EC-PTA or stent (including CAS)" and "IC-PTA or stent" (Tables 3-8 ). In the category of aneurysm treatments, SKEN members participated in approximately 100-108% of "coiling" and about 60-65% of "stent or balloon" (Tables 3-8 ). Because the number of aneurysmal treatments involving SKEN members was counted as the number of aneurysms, while the number of aneurysmal treatments in the HIRA was counted as the number of patients, authors could not directly compare the two data sets, so the derived ratios cannot be meaningful (100-108% and 60-65%). During the 5-year study period, there were no significant changes in the ratio of aneurysmal data between SKEN members and the HIRA (Tables 3-8) .
In summary, the ratio of data from SKEN members to that from HIRA was about 50-70% for "DSA", aneurysm ("coiling + PAO" and "stent or balloon"), and "AVM", 70-90% for "IA thrombolysis for cerebral infarction" and "dural AVF or CCF", and 45-60% for "tumor embolization"; these ratios did not change much over the 5-year study period. For "EC-PTA or stent (including CAS)" and "IC-PTA or stent", the ratios were 50-70% and 65-85%, respectively, and the increasing trend was significant.
DISCUSSION
Clinical and autopsy studies suggest that intracranial aneurysms have a frequency of 1-8% 9) , and that the incidence of subarachnoid hemorrhage due to ruptured aneurysms ranges from 6 to 8 people per 100,000 in western populations 5) . In the 1960s, McKissock et al. [6] [7] [8] were the first to report some controlled trials into the conservative and surgical treatment of ruptured aneurysms. They showed better outcomes using surgical management [6] [7] [8] . Since then, surgical techniques, instruments, and management methods have developed greatly, resulting in better outcomes. In 1991, electrolytically detachable coils (Guglielmi detachable coils; Boston scientific/Target Therapeutics, Freemont, CA, USA) were introduced to treat ruptured aneurysms using an endovascular approach. They were approved by United States Food and Drugs Administration (FDA) in 1995 4) . Since then, endovascular coiling has widely been used to treat ruptured and unruptured aneurysms 1, 2, 15) . In particular, the serial trial known as the International Subarachnoid Aneurysm Trial, which was carried out from 2002 to 2015, proved the efficacy and safety of endovascular coiling methods [11] [12] [13] [14] . With these successful trials, endovascular coiling could be recommended in the 2012 guidelines as a first option to treat patients with ruptured aneurysms judged to be technically amenable to both endovascular coiling and neurosurgical clipping 3) . In unruptured aneurysms, endovascular coiling is associated with lower procedural morbidity and mortality than surgical clipping in selected cases, and it is recommended at Class IIa with Level of Evidence B 18) . In South Korea, endovascular treatment research meetings began in 1994. In particular, two meetings were started by neurosurgeons and neuroradiologists, respectively. Each meeting then developed into a society : the SKEN, as well as the Korean Society of Interventional Neuroradiology (KSIN).
https://doi.org/10.3340/jkns.2018.0216
At first, endovascular treatments were mainly performed by neuroradiologists. However, many vascular neurosurgeons eventually became interested and involved in endovascular treatment. Recently, endovascular treatment has been performed by neurosurgeons, neuroradiology doctors, or both, and the specific situations vary among hospitals.
According to data collected from SKEN members over 5 years from 2013 to 2017, the number of endovascular treatments performed collaboratively by SKEN members continuously increased over the period. Big cities such as Gyeonggido, Seoul, and Busan led this, but the phenomenon was observed nationwide. Among the endovascular treatments, conventional cerebral angiography was the most common, followed by cerebral aneurysmal coiling, endovascular treatments for ischemic stroke, and finally endovascular treatments for vascular malformation and tumor embolization. With the number of hospitals participating in data collection increasing year by year, it was natural that the total number of endovascular treatments performed would increase (Fig. 3) . However, the rate of increase in endovascular treatments was higher than that participating hospitals; even when each category was analyzed separately, the rate of increase was higher in all categories of endovascular treatment than in the number of participating hospitals, except for the categories of "EC-PTA or stent(the rest of CAS)", and "AVM" (Table 2 ). In several categories, the rate showed an increase of more than 50%, and in the "IA thrombolysis for cerebral infarction" category it showed an increase of more than 200% (Table 3) . This shows that the number of endovascular treatments performed by SKEN members has increased, although this may have been due to the increase in hospital participation in some cases.
According to data collected from SKEN members, the "EC-PTA or stent(the rest of CAS)" category likely showed a lower rate of increase because this category lies outside the traditional remit of neurosurgery, and the absolute case number of such procedures was small. Authors expect that there will be little future change in this category of "EC-PTA or stent". In the category of "AVM", it is likely that trial known as "A Randomized trial of Unruptured Brain Arteriovenous Malformations" (ARUBA) released in 2014 was the cause of the lower rate of increase. In the ARUBA trial, medical management alone was superior to medical management with interventional therapy in the prevention of death or stroke in patients with unruptured brain AVMs 10) . Therefore, endovascular treatment for unruptured AVM was probably reduced. Unless other studies contradict the results of the ARUBA trail, there may be no change in the rate of increase in the "AVM" category. In the category of aneurysms, there was a higher rate of increase in the number of unruptured aneurysm than in the number of ruptured aneurysms, perhaps because diagnostic tools such as brain computed tomography angiography or magnetic resonance angiography have been developed, or because health screening has been applied nationwide.
According to national data from HIRA from 2013 to 2017, the number of endovascular treatments continuously increased over the 5-year period and were the highest in Seoul, followed by Gyeonggi-do and Busan, which is slightly different from the trend for SKEN data, according to which endovascular treatments were most common in Gyeonggi-do (Tables [3] [4] [5] [6] [7] [8] . During the study period, the rate of increase in endovascular treatments exceeded 50% in "DSA", aneurysm ("coiling + PAO" and "stent or balloon") and "IA thrombolysis for cerebral infarction", was about 40% in "dural AVF or CCF" and "tumor embolization", and was about 15% in "AVM", which were similar to the results from SKEN data (Table 3 ). In contrast, the rate of increase was about 30% in "EC-PTA or stent (including CAS)" and "IC-PTA or stent", which was different from the results from SKEN data, according to which the rate of increase was about 70% (Table 3) . These results are consistent with the following analysis from a different point of view. Compared with the national data collected from HIRA, there were no significant changes in the ratio of data from SKEN members to data from HIRA in "DSA", aneurysm ("coiling + PAO" and "stent or balloon"), "IA thrombolysis for cerebral infarction", "AVM", "dural AVF or CCF" and "tumor embolization", however, an increase in the ratio was noted for "EC-PTA or stent (including CAS)" and "IC-PTA or stent" ( Table 3 ).
The categories of "DSA" and aneurysm ("coiling" + "PAO" and "stent or balloon") showed a 50-60% ratio for data from SKEN members and from HIRA and "IA thrombolysis for cerebral infarction" showed a 70-80% ratio, which did not change significantly and the rates of increase exceeded 50% during the 5-year study period (Table 3 ). The reasons might be as follows. Diseases belonging to these categories are representative ones that require endovascular treatment and are quite common, so many of these categories have already been performed by vascular neurosurgeons since 2013. Therefore, this J Korean Neurosurg Soc 62 (5) : 502-518 ratio is expected to proceed in a similar trend into the future. And in the category of aneurysmal treatments, the ratio in "coiling" was more than 100%, while in the "stent or balloon" it was 60-65%. The number of aneurysmal treatments involving SKEN members was counted as the number of aneurysms, while the number in the HIRA was counted as the number of patients. Therefore, it was not possible to directly compare the two data sets. However, assuming that multiple aneurysms occur in 25% of cases, SKEN members likely participated in the treatment of more than 50% of aneurysms. In addition, even though the ratio itself was meaningless, there were no significant changes in the ratio of aneurysmal data between SKEN members and the HIRA over the 5-year study period, which may indicate that the data collected by the SKEN were quite reliable. In the category of "IA thrombolysis for cerebral infarction", the rates of increase was above 200%, which was from that the treatment performance improved greatly due to the rapid development of treatment technology in recent years (Table 3) . Therefore, the ratio of data from SKEN members to those from HIRA will be similar, but the total number will continue to increase. "AVM" showed a 60-75% ratio, which did not change significantly during the study period. The rate of increase was about 15-25% during the study period, which was assumed to remain unchanged per the ARUBA trial, as mentioned above.
The categories "dural AVF or CCF" and "tumor embolization" showed 75-95% and 40-60% ratios, which did not change significantly over the 5-year study period. The rate of increase was about 40-50% and 36-40%, respectively. Although these categories are not common, they are likely of interest to vascular neurosurgeons. The categories "EC-PTA or stent (including CAS)" and "IC-PTA or stent" showed 50-70% and 65-85% ratios, respectively, and the difference in the rate of increase between SKEN members and HIRA was found to be 30-70%. These ratios seem to change from conventional surgical (in the case of "EC-PTA or stent [including CAS])" or medical (in the case of "IC-PTA or stent") treatment to endovascular treatment, possibly led by vascular neurosurgeons (SKEN members). In 1997, Veith to open surgical treatments, and because they can be performed by non-surgical interventional specialists with training in radiology or cardiology 19) . For this reason, he argued that vascular surgeons must learn and practice endovascular treatment skills, and that, if they do not, they will be culled.
This was the situation in the US vascular surgery (not vascular neurosurgery) around 1997, and it is surprisingly similar to the situation of vascular neurosurgery in South Korea since 1994. At that time, endovascular treatment began in South Korea, but no one could be sure about the potential of the treatment for development. Fortunately, our forerunners had foresight and tried to adapt to these changes in the environment. Since 1994, they have established a research meeting and developed it into a society (SKEN) to continue and expand the role of vascular neurosurgeons. Of course, this development process produced many difficulties. While conventional open surgery was already established, endovascular treatment was a field in which results had to be made: there were many trials and errors, and it was difficult to be recognized by the Korean Neurosurgical Society. Furthermore, there were many conflicts with neuroradiologists, who had already taken an important positions in the field of endovascular treatment. Despite these difficulties, our forerunners did not stop their efforts. As the result, a substantial proportion of endovascular treatment in South Korea is now carried out by vascular neurosurgeons, as shown above. The SKEN, which has grown in quantity and quality, still makes such efforts and will continue to do so.
Limitations of the study
The data from the present study were collected from vascular neurosurgeons across the country over 5 years, with 77-100 hospitals involved (Table 9 ). However, this number does not include all hospitals with vascular neurosurgeons. In other words, the data in this study reflect only a subsection of all vascular neurosurgeons in South Korea. As mentioned earlier, aneurysm cases collected by the SKEN were based on the number of treated aneurysms, while the cases in the HIRA were based on the number of patients. Therefore, it was not possible to directly compare them. If comparisons were made using the same criteria, more accurate results could be obtained.
CONCLUSION
The SKEN members have been responsible for the major role of endovascular treatments in South Korea for the recent 5 years. This was achieved through the perseverance of senior members who started out in the midst of hardship, the establishment of standards for the training/certification of endovascular neurosurgery, and the enthusiasm of current SKEN members who followed. To provide better treatment to patients, we will have to make further progress in SKEN.
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